We study the (super-)symmetries of classical solutions in the higher spin (super-)gravity in AdS 3 . We show that the symmetries of the solutions are encoded in the holonomy around the spatial circle. When the spatial holonomies of the solutions are trivial, they preserve maximal symmetries of the theory, and are actually the smooth conical defects. We find all the smooth conical defects in the sl(N ), so(2N + 1), sp(2N ), so(2N ), g 2 , as well as in sl(N |N − 1) and osp(2N + 1|2N ) Chern-Simons gravity theories. In the bosonic higher spin cases, there are one-to-one correspondences between the smooth conical defects and the highest weight representations of Lie group. Furthermore we investigate the higher spin black holes in osp(3|2) and sl(3|2) higher spin (super-)gravity and find that they are only partially symmetric. In general, the black holes break all the supersymmetries, but in some cases they preserve part of the supersymmetries. *
Introduction
Symmetries of spacetime play an essential role in Einstein's general relativity. For example, the maximally symmetric spacetime can often be taken as the vacuum of a theory. And the isometries of a black hole allow us to define the conserved quantities of the background and a test particle. Moreover, in a gravity theory with supersymmetry, supersymmetric black holes have better ultraviolet behaviors and have been one of central subjects in supergravity and string theory. Furthermore, in the context of AdS/CFT correspondence, the supersymmetries and isometries are the guide lines to find the bubbling geometry.
The notion of symmetry becomes tricky in a theory of higher spin fields. Different from usual Einstein gravity, the gauge transformation of the metric field involves the higher spin fields such that the usual notions of geometry, such as diffeomorphism and isometries, do not make much sense in the higher spin gravity. One has to find gauge invariant way to define the symmetries of a classical configuration. In the well-known AdS 4 Vasiliev's higher spin theory, the fact that the higher spin gauge transformations are quite involved and there is short of classical solutions hinders us from investigating this issue. Fortunately in AdS 3 the higher spin gravity is much better under control in many aspects.
The higher spin gravity in AdS 3 has been developing quickly in the past few years. One nice feature of the AdS 3 higher spin gravity is that the original Vasiliev theory 1 could be cast into a Chern-Simons gravity on a high spin algebra [2, 3] , and could even be truncated to a theory on a finite rank Lie algebra, if not considering the matter scalar field. Therefore the classical solutions without scalar hair can be constructed explicitly. More interestingly it was proposed [4] that the Vasiliev theory in AdS 3 could be holographically dual to a 2D W N,k minimal model at the boundary. Up till now, there are two kinds of limit studied on this duality in the literature. The first one is the 't Hooft limit, which is obtained by taking N, k → ∞ while keeping the 't Hooft coupling λ = N N +k fixed. Under this limit the boundary theory is unitary, but the bulk theory has some troubles in counting the dual light states. See the review [5] for recent developments and references therein. For a recent proposal, see [6] . The other one is the semi-classical limit [7, 8] , which is obtained by taking c → ∞ while keeping N fixed. In taking this limit, the level k in the boundary CFT has to be negative and there are states with negative conformal weights. Hence, in this case, the theory is non-unitary. However, the bulk theory in the semi-classical limit is simpler than the one in the 't Hooft limit as the gauge group is of finite rank. Hence it allows us to investigate the HS/CFT correspondence in detail. As the first step to check the correspondence, one has to match the spectrum on two sides. On the CFT side, the minimal model has various representations characterized by (Λ + ; Λ − ), where Λ ± are the integrable highest weight representations of the affine algebra su(N ) at level k and k + 1. Among them, the primary states in (0, Λ − ) are of particular importance. In the semiclassical limit, these primary states have conformal dimensions proportional to the central charge, indicating their non-perturbative nature. It was proposed in [8] that the states (0, Λ − ) correspond to smooth conical defects(surplus) in the bulk AdS 3 higher spin gravity. The states (Λ + , 0) corresponds to scalar perturbation and the general states (Λ + , Λ − ) correspond to bound states of the scalar perturbation and the conical defects.
The smooth conical defects(surplus) [9] are classical solutions of the AdS 3 higher spin gravity. They have the same topology as the global AdS 3 , with a contractible spatial circle. As the usual geometric notions break down in the higher spin gravity, one has to use gauge invariant quantities to characterize these solutions. In the case of conical defect, a well-defined quantity is the holonomy of the gauge field along the contractible spatial circle. The smooth conical defect has a trivial spatial holonomy such that the corresponding gauge potential is not singular. As the corresponding states have maximally degenerate null vectors, the smooth conical defects are expected to have maximal higher spin symmetry, as the global AdS 3 vacuum.
Another interesting class of classical solutions is higher spin black hole [10] . Different from the conical defects, the spatial circle of the black hole is not contractible but its time circle is. The smoothness of the higher spin black hole requires that the holonomy of the gauge field along the time circle is in the center of the gauge group. More interestingly, the trivial thermal holonomy leads to consistent thermodynamics for the higher spin black holes. On the other hand, the spatial holonomy of the gauge field for the higher spin black hole is not trivial. Hence, there is an interesting question: what is the information encoded in the spatial holonomy?
In fact, the spatial holonomy encodes the symmetry of the solution. Simply speaking, to determine how many symmetries are kept by the solution, we need to solve the following equation in holomorphic sector 2
where A is the flat connection. Locally the above equation could always be solved. To have a well-defined gauge transformation, we need to impose periodic boundary condition on the gauge parameter Λ. In the end we obtain the following relation
where a φ is the φ-component in A and λ is some constant matrix valued in the Lie algebra of the gauge group. When the spatial holonomy is in the center of the corresponding group, the solution is of maximal higher spin symmetries in the sense that λ has maximal number of degrees of freedom. In other words, the smooth conical defect(surplus) is the maximally symmetric solution in the higher spin gravity. Actually, we show how to obtain the smooth conical defects by searching for the maximally symmetric solutions of the corresponding higher spin gravity. This turns out to be a quite effective method. We use this method to find out the smooth conical defects in sl(N ), so(2N + 1), sp(2N ), so(2N ), g 2 gravity theories, as well as the ones in sl(N |N − 1) and osp(2N + 1|2N ) supergravities. Moreover we establish an one-to-one match between the conical defects and the highest weight representations of dual group in all cases. This exact match of the spectrum suggests that there may exist a correspondence between the finitely truncated higher spin gravities, possibly coupled to scalar matter, with some kinds of minimal models. When the spatial holonomy is non-trivial, as in the case of higher spin black hole, the solution is partially symmetric. In the case of generic higher spin black hole, the constant matrix have to be valued only in Cartan subalgebra of the gauge group, showing the black hole could have well-defined global charges. In a higher spin supergravity, the spatial holonomy not only encodes the symmetries of the solution but also supersymmetries preserved by the solution. The supersymmetric configurations are of particular interest in a supersymmetric theory. They often have nice properties and are easier to deal with. The supersymmetric solutions in the higher spin (super-)gravity have been discussed recently in [11, 12, 13] . In [11] , the higher spin generalization of Killing spinor equation has been proposed. And in [13] , the maximally supersymmetric conical defects have been discussed in sl(N |N −1) gravity. In the ChernSimons supergravity, the gauge group is a supergroup. As a result, the constant matrix λ in (2) should be valued in the supergroup, with its fermionic sector being labeled by ǫ. Taking into account of the boundary condition on the fermionic sector of Λ, which could be either periodic or anti-periodic, one obtain the following relation on the spinor
From this relation, one may read out how many supersymmetries the solution preserve [11] . In usual supergravity, the extremal black holes are often supersymmetric. Therefore it is interesting to investigate if the extremal higher spin black holes can keep part of the supersymmetries as well. It turns out to be true, but the story is more interesting. Using brute force, one may solve the generalized Killing spinor equation, which is the fermionic part of (1), to find the supersymmetric higher spin black holes. These supersymmetric black holes are exactly the ones obtained by solving holonomy equations (3) imposed by spatial holonomy. The structure of this paper is as follows. In section 2, we clarify the relationship of the spatial holonomy and the maximally symmetric solution, then we search for the maximally symmetric solutions in various higher spin (super-)gravity theories. In section 3, we discuss the partially (super-)symmetric solution. In section 4, we explore the black holes in the higher spin (super-)gravity theories with gauge group osp(3|2), and sl(3|2) and study their supersymmetries. We end this paper by some conclusion and discussions. The appendix collects the convention we use in this paper.
Maximally Symmetric Solutions
The motivation to study maximally symmetric solutions in a higher spin gravity is twofold. Firstly, in the Einstein gravity, the maximally symmetric solution always plays important role. It is defined to be the spacetime with maximal number of globally defined Killing vectors. Actually it is unique for fixed signature and dimension, and is often regarded as the vacuum of a theory. In a supergravity theory, it could carry maximal number of Killing spinors and thus could be the maximally supersymmetric configurations. As the higher spin theory is a generalization of conventional gravity theory, it is quite interesting to search for the maximally symmetric solutions in the higher spin gauge theories. Secondly, from the HS 3 /CFT 2 correspondence in the semiclassical limit, the maximally symmetric configurations in the bulk higher spin gravity should correspond to the non-perturbative state (0, Λ − ), which has maximally degenerate null vectors. This point has been carefully investigated in a recent paper [8] . So searching for the maximally symmetric solutions in the higher spin gravity is a well posed and important problem. In this section, we first study this issue in the bosonic higher spin theory and then turn to the higher spin supergravity.
Maximally Symmetric Solution in Bosonic Higher Spin Gravity
First of all, we need to define what the maximally symmetric solution is in a bosonic higher spin gravity. In this section, we are searching for the solutions with the topology D 2 × R. We will use coordinates (ρ, φ, t), with φ ∼ φ + 2π being a contractible cycle, and z = x + = t + φ,z = x − = t − φ. We just focus on the holomorphic part of the solution here, and choose the gauge group SL(N ) to illustrate the problem.
To compare with states in the CFT, the solution should be asymptotic to global
We can choose the highest weight gauge to set the gauge field to be of the form [14] 
where b = exp L 0 ρ and a = a + dz with
The definition of W s −s+1 can be found in the appendix. We are interested in the solutions with constant a. And it has been shown by the asymptotic symmetry analysis [14, 15] that W s can be identified to the spin s charge. In the following, we do not distinguish W 2 and L that was used in many other references.
The solution parameterized by (5, 6) has an asymptotic W N symmetry which is generated by the gauge transformation that preserve the asymptotic AdS 3 boundary condition (4). To determine how many higher spin symmetries is kept by the solution, we need to solve the following equation
where Λ is the the parameter of the gauge transformation. This equation can always be solved locally. The ρ component of the equation (7) can be solved by
The +, − component equation of (7) indicate that
where λ is a constant matrix taking value in sl(N ). Note that Λ is nothing but the higher spin generalization of Killing vector in conventional gravity. To be globally defined, it should satisfy the periodic boundary condition in the spatial φ direction
This leads to the constraint
In order to have a maximally higher spin symmetric solution, λ should be an arbitrary constant matrix valued in sl(N ). This leads to the requirement that the holonomy of the gauge field along the spatial φ cycle
must be in the center of SL(N ). In other words, if H φ (A) is trivial, then the solution is maximally symmetric. As a consequence, a + must be diagonizable and has different eigenvalues.
The above discussion is consistent with the results in pure gravity. In the AdS 3 Chern-Simons gravity, the gauge transformations of the gauge fields encodes the information of local Lorentz transformation and diffeomorphism. The maximally symmetric solution defined above is exactly the global AdS 3 , and the constant SL(2, R) actually correspond to the holographic one in the isometry group SO(2, 2) ≃ SL(2, R)×SL(2, R).
Obviously, the above discusion is valid for other gauge groups. Let us discuss them case by case.
SL(N, R) and SL(N, C)
The center of SL(N, R) is different for odd or even N . For odd N , its center is I, so we have
The equation (13) only depends on the eigenvalues of a + . Assumed the eigenvalue of a + to be
the holonomy condition (13) tells us
with n 1 , n 2 , · · · , n N ∈ Z. For a + to be diagonalizable, we require n i = n j for i = j. It is also convenient to assume n 1 > n 2 · · · > n N . Note that the traceless condition of sl(N ) requires
Moreover, for the SL(N, R) case, a + must be real, which impose further conditions on n i . Let us find the consequences of (15)(16) for the higher spin charges W. We take N = 3 to illustrate the point. In this case, (6) becomes
Note L, W 3 are proportional to the trace of the power of a + . Since we require the charge W 3 to be real, the n i should be
Thus we have
Here n = 1 corresponds to global AdS 3 embedded in SL(3, R), and the other solutions with n ≥ 2 correspond to smooth conical surplus studied in [9] . The vanishing of spin 3 charge originates from the reality condition on the gauge potential. More generally for all odd N , the condition of a real connection always leads to vanishing odd spin charges. For even N , its center is ±I, so we have
As before, the condition (20) is relevant to the eigenvalue of a + . We assume
If the holonomy is I, then
If the holonomy is −I, then
In the case of N = 2, we find that
The holonomy is −I for odd n, and I for even n. When n = 1, the solution is just global AdS 3 , while when n ≥ 2, the solutions are the smooth conical surplus.
We note that all the maximally symmetric solutions in N = 2, 3 have vanishing higher spin charge. However, this situation changes when N ≥ 4. We take N = 4 as an example. We find the eigenvalues of a + to be
where n i can be intergar or half intergar, depending on the holonomy, or the choice of the center. The spin 3 charge W 3 is still zero, but the even spin 2 and spin 4 charges are nonzero
where the C 2 , C 4 are the Casimirs in SL(4, R) and ρ is the corresponding Weyl vector . These are the conical defects or surplus in the spin 4 gravity studied in [9] . They have nonvanishing higher spin charges. The same feature holds for all the maximally symmetric solutions when N ≥ 4. Note that our maximally symmetric solutions in the higher spin gravity are just the smooth conical defects(surpluses) studied in [9, 8] . However, the work in [9] was motivated in matching the conical defects to the primary states in CFT with the same global charges, while here we have shown that the smooth conical defects(surpluses) should have been discovered by simply symmetry consideration.
To match the primary states in the CF T side, the SL(N, C) case is also important. One need do Euclidean continuation to match the spectrum. The center of SL(N, C) is e −2πim N 1 N ×N , hence the eigenvalues of a + are
The traceless condition of SL(N, C) leads to
The m i can be shifted to set m N = 0. To be in match with the CFT states, one needs the Young diagram of su(N ). A Young diagram of su(N ) includes N − 1 rows, each row has r i (r N = 0) boxes. This Young diagram is in one to one correspondence with the highest weight state (0, Λ − ) with
where
To relate it to the gravity solutions, we can define
such that the eigenvalues of the holonomy could be rewritten as
2 − i is the Weyl vector of su(N ). Hence we find a one to one correspondence between the bulk maximally symmetric solution and the highest weight state (0, Λ − ).
Sp(2N, R) and Sp(2N, C)
These cases are motivated by the proposed even spin minimal model hologaphy [16, 17, 18] . Note that the center of Sp(2N, R) and Sp(2N, C) are the same, which can be ±I. Then the holonomy now is
The eigenvalues of a + can be parameterized as
If the holonomy is chosen to be I, then
If the holonomy is chosen to be −I, then
To make sure a + is diagonalizable, one has an additional requirement that n i = n j for all i, j. Hence it is convenient to assume n 1 > n 2 > · · · > n N . On the other hand, a representation of so(2N + 1) can be parametrized by its highest weight, as N numbers r 1 ≥ r 2 ≥ · · · ≥ r N ≥ 0 (see 1.65 in [19] ). There are two kinds of representations: the vector representation with all r i 's being integers and the spinor representation with all r i 's being half-integer. The relation between the weight Λ and r i turns out to be:
where λ i is the i-th fundamental weight:
. .
The Weyl vector is
Hence in this case the correspondence reads
Note that the vector representations of so(2N + 1) exactly correspond to half-integer valued −iθ i 's, which are smooth conical defects whose holonomies are in the center −I of Sp(2N, R). For example, the trivial representation r 1 = r 2 = · · · = r N = 0 corresponds to the AdS 3 vacuum with a
On the other hand, the spinor representations of so(2N + 1) have half-integer valued r i , hence exactly correspond to the conical defects whose holonomy is in the center I of Sp(2N, R). Therefore we see that each highest weight state of so(2N + 1) is in exact match with the smooth conical defects in the higher spin gravity with gauge group Sp(2n, R) or Sp(2n, C).
This is another realization of even spin gravity. Again, the centers of SO(2N + 1, R) and SO(2N + 1, C) are the same, being I. The eigenvalues of a + can be parameterized by
The holonomy requires
As before, the diagonalizable condition of a + requires n i are all distinct numbers:
The highest weights of sp(2N ) representations are parametrized by N integers r 1 ≥ r 2 ≥ · · · ≥ r N ≥ 0 (see 1.66 in [19] ). The relation between the weight Λ and r i is:
where the fundamental weights λ i are:
. . .
In this case the correspondence reads
Therefore we find an exact match of the smooth conical defects in SO(2N + 1) ChernSimons gravity and the highest weight representations of sp(2N ). Note there is an interesting "duality" between B N and C N Lie algebras: the smooth conical defects in B N gravity could correspond to a C N -type highest weight representation and the smooth conical defects in C N gravity could correspond to a B N -type highest weight representation.
SO(2N, R) and SO(2N, C)
The groups SO(2N, R) and SO(2N, C) have the same center ±I. For the smooth conical defects, e 2πa + has to be in the center. The generic diagonalized form of a + can be written as:
(45) If the spatial holonomy being in the center I, n i 's take value in Z, while if the spatial holonomy being the center −I, n i 's take value in Z + 1 2 . The diagonalizable condition requires
The fundamental weights in so(2N ) are:
And the Weyl vector is
A highest weight representation of so(2N ) is labelled by N numbers r 1 ≥ r 2 ≥ · · · ≥ r N ≥ 0, where r i could all be integer or half-integer [17] 
When all r i 's are integers, they correspond to vector representations and if they are all half-integers, they correspond to spinor representations.
There is an one-to-one correspondence between n i and r i
both of which have same range. For example, the vacuum configuration has the eigenvalues (n 1 , n 2 , n 3 , n 4 ) = (3, 2, 1, 0), which exactly corresponds to the trivial representation (r 1 , r 2 , r 3 , r 4 ) = (0, 0, 0, 0). Therefore we establish the correspondence between the highest weight representations of so(2N ) and the smooth conical defects in SO(2N ) higher spin gravity.
In this case, the corresponding higher spin gravity has only spin 2 and spin 6 fields [28] . The centers of G 2 (R) and G 2 (C) are both trivial, hence the diagonalized form of a + is
and θ i = in i with n i ∈ Z. In this case the eigenvalue equation of (
whose roots are 0, ±in 1 , ±in 2 , ±in 3 . If the spin-6 charge W 6 = 0 then clearly one requires L = n 2 /4 and n 1 = 3n, n 2 = 2n, n 3 = n. If the spin-6 charge W 6 is non-vanishing, the solutions need more efforts. From the algebraic relations between n i and L
we find n 4 1 +n 4 2 +n 4 3 = 2(n 2 1 n 2 2 +n 2 2 n 2 3 +n 2 3 n 2 1 ), which requires that one of n i 's equals to the sum of the other twos. Without losing generality, we choose n 1 = n 2 + n 3 and let n 1 > n 2 > n 3 > 0. The n i = n j requirement also comes from the diagonalizable condition. Hence the maximally symmetric backgrounds are parametrized by two positive integers n 2 and n 3 . Accordingly the values of L and W 6 are respectively:
28 ,
On the other hand, the representation of g 2 is characterized by the highest weight (see 1.63 of [19] ) Λ = r 1 −2r 2 3 λ 1 + r 2 λ 2 , where the fundamental weights are:
Therefore we have
From the representation theory of g 2 it is required
We make the following identification between n i 's and r i 's:
Note that n 1 = n 2 + n 3 is ensured. And from these expressions we get r 1 = 2n 2 + n 3 − 5, r 2 = n 2 − n 3 − 1, satisfying 3|(r 1 + r 2 ) automatically. And r 1 − 2r 2 = 3n 3 − 3, which is non-negative as long as n 3 ≥ 1. Therefore we find the pair (r 1 , r 2 ) on the CFT side exactly corresponds to (n 2 , n 3 ) on the gravity side. For example,
The smallest values of (n 2 , n 3 ): (2, 1) corresponds to (r 1 , r 2 ) = (0, 0), which is the trivial representation of G 2 . This means the trivial representation corresponds to the global AdS 3 vacuum.
2. (n 2 , n 3 ) = (3, 1) corresponds to (r 1 , r 2 ) = (2, 1), which is the 7-dimensional representation of G 2 .
3. (n 2 , n 3 ) = (3, 2) corresponds to (r 1 , r 2 ) = (3, 0), which is the 14-dimensional representation of G 2 .
There is an exact match of the maximally higher spin symmetric solutions and the highest weight states of G 2 representation. The discussion on g 2 case shows that there need special care in dealing with the exceptional Lie group. In principle it is possible to deal with the F 4 , E 6 , E 7 and E 8 groups. We do not include them here.
Maximally Symmetric Solution in Higher Spin Supergravity
This subsection is to search for maximally symmetric solutions in higher spin supergravity. The asymptotic analysis of the higher spin supergravity has been given in [20, 21] . The N = 2 supersymmetric extension of the HS/CFT duality has been proposed in [22] , which relates the three-dimensional N = 2 supersymmetric higher spin theory [23] to the Kazama-Suzuki minimal model [24, 25] . The N = 1 version of duality was proposed in [26] . Aspects of conical defects and the higher spin black holes have been partly studied in [11, 12, 13] . Here we would like to search for the maximally symmetric solutions, which are asymptotic to AdS 3 and preserve the maximal symmetry of the theory.
Without losing generality, we take sl(N |N − 1) to give an illustration 3 . Similar to the bosonic case, we need to impose appropriate asymptotic condition on the solution. This condition is the same as (4)
with
But now a = a + dz is changed slightly as the bosonic spectrum changes,
are the corresponding higher spin s charges. V is the U (1) charges. The matrix generators are given in Appendix. Note that we have turned off the fermionic generators as in supergravity when searching for classical solutions.
Similarly, from the requirement
the gauge parameter could be locally written as
with λ is a constant supermatrix taking value in sl(N |N − 1). If we require λ to be arbitrary supermatrix, then the corresponding solution is maximally symmetric. The gauge parameter λ can be decomposed into the bosonic parameter ξ and the fermionic parameter ǫ λ = ξ + ǫ.
Since the background solution A contains only the bosonic generator, the requirements on two parameters ξ and ǫ are decoupled so can be studied separately. The bosonic gauge parameter should satisfy periodic boundary condition in the spatial φ direction, while the fermionic gauge parameter should satisfy anti-periodic or periodic boundary condition in the spatial φ direction,
or equivalently,
The bosonic relation tells us that the holonomy
should be the center of the bosonic subalgebra of the corresponding superalgebra. For sl(N |N − 1) we are discussing, it is just the center of sl(N ) ⊕ sl(N − 1) ⊕ u(1). The fermionic part of (65) is a bit more complex due to the anti-periodic boundary condition. It constrains the holonomy along the φ cycle as well. For sl(N |N − 1), the bosonic supermatrix can be constructed by the anticommutator of two fermionic supermatrix, hence the first condition in (65) will be satisfied automatically provided that the second condition is satisfied. Namely, the maximally supersymmetric solution automatically has maximal bosonic symmetries.
Here we construct the maximally symmetric solutions in two higher spin supergravity to illustrate the previous discussion. We constrain ourselves to real connection. The Euclidean continuation could be important but we do not include here.
1. sl(N |N − 1). This has been constructed in [13] . The same fermionic relation has been obtained, but starting from generalized Killing spinor equation. We will not repeat the details here. It turns out the the maximally supersymmetric conical defects are in exact match with the chiral primaries in N = (2, 2)CP N KazamaSuzuki model.
osp(2N + 1|2N
). The bosonic part is so(2N + 1) ⊕ sp(2N ). The bosonic spectrum includes two copies of spin 2, 4, · · · , 2N . The connection a + could be diagonalized to be
where a (2N +1)×(2N +1) and a 2N ×2N are
From the discussion of the bosonic case, we can include the following two cases.
(a) We choose the center to be 1 so(2N +1) × 1 sp(2N ) . This can be satisfied by
Then the fermionic boundary condition is periodic.
(b) We can also choose the center to be 1 so(2N +1) × (−1) sp(2N ) . This can be satisfied by
Then the fermionic boundary condition is anti-periodic.
In [26] , it was proposed that in the 't Hooft limit the osp(2N + 1|2N ) high spin supergravity is dual to the N = (1, 1) super coset
The primary states in this coset are characterized by (Λ, Ξ), where Λ and Ξ are the highest weight representations of so(2n + 1) and so(2n) respectively [26] . They are not in match with the maximally supersymmetric conical defects found above. Actually the fact that the bosonic sector of osp(2N + 1|2N ) high spin supergravity involves both so(2N + 1) and sp(2N ) group suggests that the possible CFT dual could be nontrivial.
Partially Symmetric Solution
In the previous section, we have explored the maximally symmetric solutions in the higher spin gravity with or without supersymmetry, and found that the maximally symmetric solution were exactly the smooth conical defects which were investigated before. However, as in conventional gravity, not all the allowed solutions preserve maximal symmetries. For example, the black holes in supergravity always have less symmetries than the vacuum solution which is maximally symmetric and generically breaks the supersymmetry completely. In some cases, the extremal black holes may preserve part of supersymmetry. In other words, they are partially symmetric solutions. Here we extend the concept of partially symmetric solution to the higher spin gravity, both in the bosonic and supersymmetric case.
Partially Symmetric Solution in Bosonic Higher Spin Gravity
Here we still choose SL(N, R) as the prototypic model, but the discussion can be easily generalized. Since we would like to include the higher spin black holes, we do not require the solution to be (6), but we still require the solution to be of constant a. In the gauge (5), the configurations we are interested in could be of the form
where a + is the same as (5), but a nonvanishing a − term has been turned on to refer to the higher spin black holes. As the solutions satisfy the flatness condition, a + , a − should commute with each other,
Note that we still need to search for the solution of the equation
The ρ-component of the equation still gives us Λ = b −1 Λ 0 b, while the +, −-components of the equation lead to
where λ is a constant matrix taking value in sl(N, R). To derive (78) we have used the equation of motion (76). For Λ being well-defined globally, we require the periodic condition Λ(φ + 2π) = Λ(φ).
After some elementary algebra, we find that
The exponential e 2πa φ is actually the holonomy of the gauge potential along spatial circle for our ansatz (75). Up till now, the treatment is the same as before, but this time we do not require λ to be arbitrary. If (79) is satisfied for some constant matrix λ valued in sl(N, R), there is no need to require the holonomy H to be in the center of SL(N, R).
Obviously, this will lead to the solution that has only partial symmetry 4 . As the holonomy of the gauge field needs not to be in the center, the matrix a φ may not be diagonalizable. The discussion below separates into two cases. If the matrix a φ can be diagonalized, we assume that its eigenvalues are (
and the eigenvalues differ from each other, namely, θ i = θ j for i = j. Using the identity
where E ij is the N × N matrix that is 1 in the i-th row and j-th colum, otherwise it is 0, then we find that if
for some pairs (i, j). We can have globally well-defined Λ, though it may not be arbitrary.
For the most general solution, the condition (80) can only be satisfied by i = j with n = 0. In other words, only diagonal matrix may satisfy (80). Taking into account of the traceless condition, there are only N − 1 independent solutions. Recall that the Cartan subagebra could be written as the traceless diagonal matrix, the general solution to (80) could be the linear combination of the Cartan generators. This reflects the fact that there are N − 1 well-defined global charges in the theory, corresponding to the spin 2, · · · , spin N charges. If the matrix a φ cannot be diagonalized, we need to solve the equation (80) 
Since f can always be expanded as
there are always N − 1 independent solutions which are captured by the constants c i . We emphasize that there may be symmetry enhancement for special configuration.
Partially Symmetric Solution in Higher Spin Supergravity
The discussion in the previous subsection is a warm-up to the more interesting case we will consider now. We use the superalgebra sl(N |N − 1) as our prototypic model. The solution of Λ 0 is the same as (80), but λ can be decomposed into the bosonic part ξ and the fermionic part ǫ,
The boundary condition is now
The discussion of the bosonic part Λ ξ goes through parallel to the previous subsection, so we only focus on the fermionic part Λ ǫ . The periodic or anti-periodic boundary condition leads to e −2πa φ ǫ e 2πa φ = ±ǫ.
The independent number of solutions to (89) tells us how many supersymmetries the configuration keeps [11] . Again, if the supermatrix a φ can be diagonalized, we can assume
with the matrix a N ×N and a (N −1)×(N −1) to be
And we have
The supermatrix has 2N − 1 indices: the first N indices will be denoted as i, j and the last N − 1 indices will be denoted asī,j. Then a basis for the fermionic generators can be chosen to be E ij and Eī j . Due to the identity 5
the condition (89) has a solution when there exists i,j such that
for periodic boundary condition, and
for anti-periodic boundary condition.
In the case that a φ cannot be diagonalized, then we need to solve (89) from scratch. In the following section we will find that some black holes do preserve part of supersymmetries discussed here.
Black Holes
The higher spin black holes are the classical solutions of the flatness equation of motion. To have a smooth geometry, the holonomy of the gauge potential of the black hole around the thermal circle is required to be in the center of the corresponding group. The holonomy condition has been checked for the black holes in spin 3 [10] , spin 4 [27] , spiñ 4, and G 2 gravities [28] , and it has been extended to the case with supersymmetry [12] . In all the cases, it leads to consistent thermodynamics, together with the integrability condition.
It is interesting to compare the higher spin black holes with the conical defects discussed in the previous sections. For the smooth conical defects, the most important feature is that the holonomy around the spatial circle is trivial,
On the contrary, the higher spin black holes require the holonomy around the thermal circle is trivial,
Note that we have shown that when the holonomy around the spatial circle is trivial, the solution is maximally symmetric, while if the spatial holonomy is not trivial, the solution is only partially symmetric. In particular, the solution may keep part of supersymmetries. For the higher spin black hole, its spatial holonomy is nontrivial so it is only to be partially supersymmetric.
In this section, we would like to discuss the black hole solutions in the higher spin supergravity and check if there are supersymmetric ones. First of all, we need to construct suitable higher spin black holes. The black holes we find have not been discussed before hence we will clarify these solutions in detail, including the explicit solutions, and most importantly, how the holonomies around the thermal circle lead to consistent thermodynamics. Next we discuss under what condition, the black hole become supersymmetric. We will use two methods to investigate the issue. The first one is to solve the generalized Killing equation by brute force. The second one is to discuss the relation (89) on the holonomy. It turns out that two methods always lead to the same answer. To simplify the discussion, we work on the higher spin black holes whose explicit entropy forms are feasible. These include the ones in osp(3|2) supergravity and sl(3|2) supergravity.
Black Holes in osp(3|2) Supergravity
The study of the black hole solution in a higher spin supergravity is not much difficult than the bosonic one. To find the black holes in the higher spin supergravity, we only need the bosonic algebra of the theory. However, from the structure of the higher spin algebra, the bosonic part is just the direct sum of decoupled semi-simple Lie algebras. This property is quite like D 2 gravity [29] . One lesson from the D 2 gravity is that the total entropy of the black hole can be the sum of the entropies of two decoupled system. The same is true for the black hole in the higher spin supergravity. In this subsection, we explore the black holes in osp(3|2) supergravity. This supergravity can be taken the simplest higher spin supergravity as it contains a spin 5/2 field.
Solution
Let us first consider the solution in the osp(3|2) supergravity. As in the sl(N ) gravity, we can choose the highest-weight gauge to set the gauge connection to be
From the equation of motion, we find the solution
Here we have relabel the parameters q andq to be µ andμ, which could be interpreted as the potentials conjugate to the spin 2 charges L ′ andL ′ . Note that this solution is exactly the same as the one in the D 2 gravity [29] . However, the osp(3|2) gravity is different from the D 2 gravity in many aspects. First of all, the osp(3|2) gravity has many fermionic degrees of freedom, which connect the decoupled bosonic degrees of freedom. Secondly, the supertrace of the supermatrix M is different from the trace in the D 2 gravity. Therefore this osp(3|2) higher spin supergravity may not have a second order formulation as the D 2 gravity.
Thermodynamics
The thermodynamics of the black holes found in previous section can be studied by obtaining its exact entropy. Now the holomorphic part of the partition function is
We denote the entropy of the black hole to be S, which is a function of L and L ′ . The parameters τ, α can be related to L, L ′ by
Equivalently we may define four other variables H, K, γ, δ by
which have
The holonomy around the thermal circle is H = e A ≡ e ω , with
In the bosonic higher spin gravity, the holonomy has to be in the center of the corresponding algebra [10] . In the higher spin supergravity we are considering, the holonomy is
In other words, we require the eigenvalues of ω 3×3 to be 2πi, 0, −2πi and the ones of ω 2×2 to be πi, −πi. After a short computation, we find
Hence the holonomy equation becomes
From the equation (106) we find the entropy of the black hole to be
There are four branches of the solutions
Note that for each branch, we can find the corresponding τ, α and then µ. One can explore the phase structure of the black holes as in [30, 31] , but we will not include it here. In the following, we will explore the supersymmetries of the solution.
Supersymmetry I
In a supergravity, it is important to know how many supersymmetries the solution preserves. The supersymmetric condition is a generalized Killing spinor equation
where the spinor ǫ can be expanded as
with r = − for osp(3|2) case. We notice that in the paper [12] , only the spin 1/2 generators were included in the expansion. Nevertheless, we feel that it is more reasonable to include the higher spin fermonic generators, as did in [11, 13] .
From the form of the connection (99) and the ρ component of the Killing spinor equation (112), ǫ can be cast into the form
where ǫ 0 is a function independent of ρ. The + component of the Killing spinor equation can be expanded as
The − component of the Killing spinor equation can be expanded as
= 0,
Let us first set L ′ to be zero. In this case we have µ = 0 6 . From the equations (116) we find that η r , κ s are independent of x − . Then the equations (115) 
The other components can be obtained easily. If L = 0, the general solution should be
Then for general L > 0, the Killing spinor is neither periodic nor anti-periodic, so a general BT Z black hole breaks the supersymmetries completely. However, for L < 0, the Killing spinor can satisfy the periodic or anti-periodic condition. If we restrict ourselves in the region − , L ′ = 0 corresponds to global AdS 3 , we conclude that the global AdS 3 preserve all the supersymmetries. For the anti-holomorphic sector, we have the same conclusion. We use (6, 6) to denote the total supersymmetries since there are six Killing spinors in each sector 7 .
However, in the range − , we find that we can set 
Only when c 1 = d 1 = d 2 = d 3 = 0, the Killing spinor preserve periodic boundary condition. This configuration was called extreme BTZ black hole in the literature. The results can be summarized as follows
, it preserves (6,6) supersymmetry.
For
, it preserves (6,2) supersymmetry.
, it preserves (2,6) supersymmetry.
, it preserves (2,2) supersymmetry.
9. For massless BTZ black hole, L = L ′ =L =L ′ = 0, it preserves (2,2) supersymmetry.
For extreme BTZ black hole with nonzero mass, L
The solutions 2 to 8 listed above are not exactly the black holes. And actually they are not smooth conical defects we discussed before. They do preserve some supersymmetries, but are not smooth.
Next we turn to the black hole with a nonvanishing spin 2 charge L ′ = 0. As the general solution to the Killing spinor equation would be very complicated, here we are satisfied with searching for the constant solutions. These solutions satisfy the periodic boundary condition in the φ direction so the problem reduce to search for non-zero constant solution of the equations (115) and (116).
Let us first consider the equations (115). These equations reduce to a set of linear equations when the solutions are constants. They have non-zero solutions if and only if the determinant of the matrix
is zero:
From the Killing spinor equations (116), the characteristic matrix M − is
and its determinant is
For the equation (123) to be zero, there are two cases:
. Then the equations (115) have the non-zero solutions
where C 1 , C 2 are constants. Though (125) is zero for this solution, the solution (126) does not satisfy the equations (116). Thus in general there is no supersymmetry for this configuration. However, there is one exception. That is to set µ to be zero. Then the equations (116) are satisfied. This can be achieved byτ = ∞, or equivalently,L =L ′ orL = −L ′ . In the case thatL =L ′ orL = −L ′ , the anti-holomorphic part of the black hole is extreme. So the holomorphic part of the black hole solution will preserve 2 supersymmetries for these extreme black holes.
2. L = −L ′ . Then the equations (115) have the non-zero solution
where C is a constant. For this configuration, the equations in (116) are indeed satisfied. In general, such kinds of configuration preserve 1 supersymmetry in the holomorphic part.
For the antiholomorphic sector, the analysis is similar. Combining the results in two sectors, we list the the configurations that preserve some supersymmetries for non-vanishing spin 2 charge L ′ in the following table
We notice that all the solutions are extreme in at least one sector. Moreover, there is a special point L = 5 3 L ′ where the supersymmetry get enhanced. This configuration is mysterious for us. It is better to have a deeper understanding. Another remarkable point is that we only collect the configurations that have some constant Killing spinors. To search for the configurations that have non-constant Killing spinors, we need to solve the Killing spinor equations, which would be quite involved. However, in the following, we can answer this question from the honolomy equation (89).
Supersymmetry II
Now we search for the supersymmetric black holes from the spatial holonomy condition (89), without solving the Killing spinor equations. As the discussion before, we first set L ′ andL ′ to be zero. Using the symbol θ i , ϕj to denote the eigenvalues of so(3) and sp(2), we find
When L > 0, it is a general non-extreme BT Z black hole. In this case, as the conditions (95) and (96) cannot be satisfied, the configuration breaks all the supersymmetry.
When L < 0, the supersymmetry enhancement condition is given by (95) or (96). We first consider periodic boundary condition (95). This can be achieved in two cases.
1. θ 1 − ϕ1 = in, n ∈ Z, which gives us that
The negative integer n give the same L as a positive n and the case n = 0 is excluded by the condition L < 0. If we restrict ourselves in the range L ≥ − 1 4 , then there is no solution for this case.
2. θ 1 − ϕ2 = in, n ∈ Z, which leads to
In the range − 1 4 ≤ L < 0, there is only one solution
This configuration preserve periodic boundary condition. Since there are two pairs of θ i − ϕj(i = 1,j = 2 and i = 3,j = 1) satisfying the condition (95), it preserve two fermionic symmetries. All these results are the same as the ones we found before.
We can also consider the anti-periodic boundary condition (96), which can be satisfied in two cases:
The unique solution is
in the range − 1 4 ≤ L < 0, leading to the global AdS 3 . Since for arbitrary i,j, the condition (96) can be satisfied, the configuration actually has maximal supersymmetries. The result is the same as we found before.
There are two configurations in the range − Now we want to set L = 0. This is a special configuration as it corresponds to extreme BT Z black hole. The eigenvalues of a + are
In this case a + cannot be diagonalized. We need to solve the Killing spinor equation as we have done in the previous subsubsection.
Let us turn to the case L ′ = 0,L ′ = 0. From the discussion of thermodynamics, we have L > 0 and −L ≤ L ′ ≤ L, otherwise the solution is not a higher spin black hole. In this case we can find the following eigenvalues of a φ ,
Note that the extreme case is special, as when L ′ = ±L, the eigenvalue is degenerate, we need to solve the Killing spinor equation from scratch. And this is the same as we discussed previously. Therefore we focus our attention to the case L ′ = ±L. Since all the eigenvalues are real, the anti-periodic boundary condition (96) is impossible and the periodic boundary condition (95) can only be satisfied by setting n = 0, for some i,j. Then we find that
If we substitute the definition of µ = ᾱ τ into the equation, then we find that the condition (139) can always be satisfied by suitable choice of L, L ′ ,L,L ′ . Thus the configuration can preserve two fermionic symmetries. This conclusion sounds different from the one in previous subsubsection. However, there is no contradiction. In the last subsection we have just solved the Killing spinor equation for the constant solution case. To have a constant solution, we require µ = 0 and this is achieved by settingL ′ = ±L. Under this condition, the solution of (139) leads to
which is in exact agreement with the result got before. However if we do not require a constant solution, then the equation (139) tells us the whole story. Moreover, there is another advantage to work with (139). It is an algebraic equation rather than a differential equation, as a Killing spinor equation is.
The condition (139) is interesting because it can be satisfied without taking extreme limit. This is very different from the conventional supergravity, in which the supersymmetries enhancement always happens for extremal black holes. Now, in the higher spin supergravity, we find that even for non-extreme higher spin black hole, the nonconstant Killing spinors exist.
Black Holes in sl(3|2) Supergravity
The osp(3|2) black hole has no spin s > 2 hair, so we now consider the black holes with higher spin hair in sl(3|2) supergravity in this section.
Thermodynamics
Since the U (1) part is decoupled from the other bosonic generators, we consider the solution with vanishing U (1) charge for simplicity. The solution can be parameterized
where L, Y are two spin 2 charges, W is the spin 3 charge and the constant ν, q 0 , q −2 , p −1 are
The holonomy is
In terms of
the holonomy can be written as
Similar to the osp(3|2) case, we use the holonomy condition that the eigenvalues of ω 3×3 are 2iπ, 0, −2iπ and the eigenvalues of ω 2×2 are iπ, −iπ. We can also determine τ, α 2 , α 3 by
Here S is the entropy of the black hole. It is a function of the charges L, Y and W. It is more convenient to redefine the charges to be L + Y,L − Y and W. It is easy to see that the holonomy ω 3×3 is only dependent of L + Y and W, α 2 + τ and α 3 . And as
ω 3×3 depends on L + Y and W and their corresponding potentials. Similary, ω 2×2 depends on L − Y and its potential. Therefore we can cast the entropy function to be
Then we can solve the holonomy equations by
where the parameter z is
Note that there are 12 branches of solutions in the holomorphic part. And for a general sl(3|2) higher spin black hole with vanishing U (1) charge there would be (12 × 12 =)144 branches. It could be interesting to study the phase structure of the sl(3|2) black hole as in [31] . The entropy of the black hole in sl(3|2) is actually a sum of the entropies of the spin 2 BTZ black hole and the spin 3 black hole. This is due to the decoupling of two sets of the bosonic generators. As there are 2 branches for the BTZ black hole and 6 branches for the spin 3 black holes [30, 31] , there are totally 12 branches in each sector.
Supersymmetry I
As the osp(3|2) we studied above, we may solve the Killing spinor equation directly to read the conditions for supersymmetry
Here the spinor ǫ still has the form
where ǫ 0 is independent of the ρ coordinate. It can be expanded as
We use the same symbol η to simplify notation, but one should keep in mind that they are the coefficients in front of different types of fermonic generators. The "+ ′′ component of the Killing spinor equation gives us
The "− ′′ component of Killing spinor gives us
Lp + 12η 12 q − 4η 10 Lq − 12η 9 Wq − 4η 10 Yq) = 0 
Let us first consider the BT Z black hole. This black hole is parameterized by 8
Then the situation is much like the case of osp(3|2). The "− ′′ component equations lead to the conclusion that all η i 's are independent of the x − coordinate. The "+ ′′ component equations lead to
As the analysis is similar to the osp case, we just list the results as follows
Here in the table, the number in the bracket are the fermionic supercharges in the holomorphic and anti-holomorphic sectors respectively. The AP or P means the Killing spinor satisfy anti-periodic or periodic boundary condition in the φ direction. Besides the global AdS 3 , the other solutions listed in the table are actually not smooth since their spatial holonomy is not in the center. Hence, they may be not allowed from the criteria of smoothness though they preserve some fermionic symmetry. Moreover, one can also consider the massless BTZ and extreme BTZ black hole For L > 0,L > 0, there could be supersymmetric configurations with non-vanishing higher spin charge. As the Killing spinor equations become complicated, we can restrict ourselves to constant spinor solutions. The character matrix M + , M − can be read from the equations (157) and (158). They are respectively 
in which some constants are defined as
The determinant of M + and M − are respectively
The equations (157) has non-zero constant solution if and only if
For general configuration, L = 0, Y = 0, W = 0, the equations (157) can be solved by
However the Killing spinor equations (158) cannot be satisfied for the configuration (164) and the solution (165). But for the extreme caseτ = ∞, q = p = 0, Eq. (158) can be satisfied automatically. The conditionτ = ∞ can be achieved bȳ
Therefore a general configuration (164) and (166) preserve (2,0) supersymmetries. Note that we do not include the caseL = −Ȳ as it leads to vanishing spin 3 chargeW = 0. There are some cases in which supersymmetry is enhanced. We consider the following cases.
1. W = 0, q = 0. The spin 3 charge and chemical potential are zero, so that (162) and (163) reduce to
The possible supersymmetric configurations are the following.
(a) When L = − 5 3 Y, the solution of (157) is
There are four independent solutions, indicating four conserved supercharges. The equations (158) can be satisfied by the extreme condition (166). Thus with the condition (166), the configuration preserve (4,0) supersymmetries in general.
(b) When L = Y, the solution of (157) is
There are two independent solutions, indicating two conserved supercharges. The equations (158) can be satisfied in this case. Thus the configuration in this case in general preserve (2,0) supersymmetries. Similar analysis in the anti-holomorphic sector suggests that the configuration L = Y,L =Ȳ preserve (2,2) supersymmetries.
In fact, the results here is similar to the ones in the osp(3|2) case. This is expected as for W =W = 0, we can embed the configurations in osp(3|2) gravity into the ones in sl(3|2) gravity.
2. Y = 0, p = 0. In this case, the relations (162) and (163) reduce to
which can only be satisfied by
The condition q = 0 can be achieved by extreme configuration (166). As the solution of equations (157) is to set Y = 0 in the solution (165), this case is just a special limit of the general solution (165) and there is no more supersymmetry enhancement.
Supersymmetry II
Now we analyze the condition from spatial holonomy to find the supersymmetric configurations. For the solution we found in (141), (142), we find the form of a φ to be
It is a block diagonal matrix, with
We face a problem that the eigenvalues of the 3 × 3 matrix a 3×3 φ are involved. However, the 2 × 2 matrix a 2×2 φ is easy to deal with. Its eigenvalues turn out to be
Here we only consider the supersymmetric black holes for which the eigenvalues of a should satisfy the equation
where x = ϕī, withī = 1 or 2. This leads to the equation
To check the consistency of (174), we can set W = q = 0 then we find the supersymmetry enhancement condition (139) 9 . Therefore the analysis for the W vanishing case is the same as before. The interesting case comes from W = 0. Though the condition is given in (174), the parameters p, q are determined by (144),(148) and (150). In general, there are solutions to (174), which could be quite involved. Here we would like to consider the constant solution and check the consistency with the discussion in the previous subsubsection. We may choose q = p = 0 by setting the antiholomorphic part to be extreme. Then the condition (174) simplifies to
which is the same as (164).
Discussion and Conclusion
In this paper, we discussed the symmetries of the classical configurations in 3D higher spin gravity, defined by the Chern-Simons action. We found that the holonomy of the gauge potential around the spatial circle encodes the symmetry of the solution. To be modest, we only focused on two classes of configurations: the smooth one with maximal higher spin symmetries, and the higher spin black holes which may preserve part of supersymmetries.
We obtained the maximally symmetric solutions in various higher spin (super-)gravity theories and identified them with the smooth conical defects(surplus). For smooth conical defects(surplus), the spatial holonomies are in the centers of the corresponding gauge groups. Such configurations are of particular importance in the HS/CFT correspondence, as they correspond to the primary states (0, Λ − ) in the dual CFT. They are equally important as the global AdS 3 , in the sense that they are also saddle points of the Euclidean path integral and could be taken as the vacua for different sectors. It is remarkable that the uniqueness of maximally symmetric space in the usual geometric sense is lost in 3D higher spin gravity. It would be interesting to investigate if the same phenomenon happens in the higher dimensional case.
The study of the maximally higher spin symmetric configurations may shed light on the the HS/CFT correspondence in the semiclassical limit. In this limit, the central charge tends to infinity but the rank of gauge group N is kept to be finite, the Vasiliev theory is simplified to a finite sl(N ) Chern-Simons gravity coupled to scalar matter. In [8] , it was shown that the smooth conical surplus were in precise match with the primary states (0, Λ − ) in dual CFT, and the excitations on these surplus could be identified with more general primary states (Λ + , Λ − ). The match of the spectrum gives strong support of this duality, even though the theory becomes non-unitary. Our study on the smooth conical surplus suggests that this duality could be true for the higher spin gravity theory for other gauge groups. We constructed the smooth conical defects for Sp(2N ), SO(2N + 1), SO(2N ), G 2 and found precise match with the highest weight representations of so(2N + 1), sp(2N ), so(2N ), g 2 . This correspondence is captured by a simple relation:
where θ i 's are the eigenvalues of a + , Λ i 's comprise the highest weight and ρ i 's comprise the Weyl vector. It is interesting to see how this relation fits into some precise duality between AdS 3 higher spin gravity and coset minimal model. In the higher spin supergravity theory, the picture is less clear. For the sl(N + 1|N ) case, the smooth conical defects are indeed in match with the chiral primaries in the proposed dual CFT. However, for the osp (2N + 1|2N ) case, the conical defects are not in agreement with the chiral primaries in the proposed supercoset. As the bosonic sector of osp(2N + 1|2N ) involves both so(2N + 1) and sp(2N ) group, it is nontrivial for the dual CFT to match the spectrum of the smooth conical defects.
On the other hand, the smooth higher spin black holes are partially symmetric. They have trivial thermal holonomies in order to be smooth. But they have nontrivial spatial holonomies, which allow us to analyze their symmetry properties. In general, they keep only the symmetries generated by the Cartan subalgebra of the gauge groups, suggesting that the constant solutions have well-defined global charges. For the black holes in the higher spin supergravity, the supersymmetric configurations are interesting. For the higher spin supergravity, the Killing spinor should be generalized to account for the higher spin spinor. We focused on the supersymmetry of osp(3|2), sl(3|2) higher spin black holes in this paper. We found that all the supersymmetric configurations with constant Killing spinor were extremal, but there were also non-extremal supersymmetric configurations which have non-constant Killing spinors. This feature may hold for the black holes in other higher spin super-gravity theories. We showed that it turned to be more efficient to work with the constraint (89) imposed by the spatial holonomy of the configuration to find the Killing spinors, even though it is possible to solve the Killing spinor equations directly.
For the black hole in the high spin supergravity discussed in the present work, their thermodynamics are relatively easy, due to the decoupling of the bosonic sectors. Their entropies are just the sum of the ones of the black holes in the decoupled theory. In this case, the entropies should be able to be understood from boundary CFT, as suggested in [33] . Even though the black holes in osp(3|2) and sl(3|2) look simple, their phase structure could be rich. In particular, the high temperature phase of sl(3|2) black hole may present different features from usual spin 3 black hole, considering the fact that there could be two UV theories in this case [34] .
The supersymmetric black holes are of particular importance in string and supergravity, due to their better behavior under quantum corrections. In string theory, it has been found that for classes of BPS black holes, not only their entropy but also the quantum corrections are in exact agreement with the string prediction. Especially, the logarithmic corrections to the entropy function due to massless modes provide tests for the underlying quantum gravity [35, 36] . For the high spin supersymmetric black holes, it would be interesting to understand the possible logarithmic corrections to the entropy, coming from the massless graviton and high spin fields, from dual CFT.
In our treatment of the black holes in sl(3|2) gravity, we turned off the U (1) field. It would be interesting to explore the black holes with non-vanishing U (1) charge and search for the corresponding supersymmetric configurations. Besides, we showed for the first time that there were exact black hole solutions in higher spin super-gravity, whose entropy function could be written in an analytic form. It would be quite interesting to explore the thermodynamics of these higher spin black holes. These numbers equal to the degrees of different Casimir operators in the corresponding algebra.
For a Lie algebra with rank r, suppose we have a set of Chevalley basis e ± i , h i , which obeys the following commutation relations:
[h i , e 
where A ij are elements of the Cartan matrix. Then in the principal embedding the generators L 1 , L −1 can be represented as: 
The generators of sp(2N ) can be obtained by truncating out odd spin generators from sl(2N ). The generators of so(2N + 1) can be obtained by truncating out odd spin generators from sl(2N + 1). The generators of g 2 can be obtained by truncating out spin 4 generators from so (7) .
For the Lie algebra so(2N ), we use the set of generators T ab = −i(E ab − E ba ), which satisfying the following commutation relation:
[T ab , T cd ] = −i(δ bc T ad + δ ad T bc − δ bd T ac − δ ac T bd ).
The chavelley basis are 
are After some redefinition of the matrix we find that the commutation relations are the same as [11] . Our choice is to match the bosonic commutation relations given in [12] .
